Objectives: This study was performed to determine whether teens have different rates of posttonsillectomy hemorrhage, admission for dehydration, or recurrent tonsillitis compared to adults. Specifically, these parameters were compared within two groups: patients who underwent powered intracapsular tonsillectomy (PIT) and those who underwent monopolar electrocautery tonsillectomy (MET). in a tertiary referral center, outcome measures of reoperation for hemorrhage, readmission or emergency room visit for dehydration, and postoperative tonsillitis were compared for 200 patients 12 to 19 years of age and 379 patients more than 19 years of age. These outcome measures in teens were compared to those in adults who had tonsillectomy by the same technique (101 teens who underwent PIT compared to 117 adults who underwent PIT, and 99 teens who underwent MET compared to 262 adults who underwent MET). Outcome measures were also compared within the PIT and MET groups based on the indication for surgery (chronic tonsillitis, tonsillar hypertrophy, or both).
INTRODUCTION
than 15 years. Other studies stratify patient age into decades, but this designation is still not specific to Teenage children are different from younger chil-this distinct teenage group. Additionally, according dren and adults. The pediatric mantra that "children to Medicare billing codes, "adult" tonsillectomy is are not just small adults" can be further extrapolated defined as all patients 12 years of age or greater. to teens, in that "teens are not just large children, Yet, within the operative coding program provided nor small adults." Those who have performed ton-by the Accreditation Council for Graduate Medical sillectomy on all age groups know that teens do not Education, the group "adolescent" is defined as 13~~a~~y~~~; e~h~h~~:;n~Y::rrt;~~~~e~o~~~I~~~~to 18 years and is offered as a selection for patient times fibrotic tissue of adults who have had numer-age, despite sharing the procedure code of patients older than) 8 years. ous episodes of tonsillitis. Yet, throughout the posttonsillectomy hemorrhage literature, teens are not
The impetus for this study was a difference in grouped separately. Most often, age strata are less hemorrhage rates between teens and adults noted by than 5 years, between 5 and 15 years, and greater investigators during an internal review?f adult ton· sillectomy complication rates. Despite being considered an "adult" tonsillectomy by billing codes, tonsillectomy in teens should be thought of differently.
In one large study (n = 13,593), Tomkinson et all found that hemorrhage rates after tonsillectomy increased with age, but rose precipitously in the teenage years and were maintained throughout adulthood. Myssiorek and Alvi? published similar results. These studies were not in agreement with our institutional experience, which prompted us to examine the complication rates of our teenage tonsillectomy patients in comparison to our adult patients. Specifically, we chose to retrospectively review the posttonsillectomy outcome measures of hemorrhage requiring reoperation, postoperative dehydration, and postoperative tonsillitis. Furthermore, we chose to compare these outcome measures for powered intracapsular tonsillectomy (PIT) versus monopolar electrocautery tonsillectomy (MET) in teens and adults. This report is the first in the literature to specifically compare tonsillectomy complication rates in adolescent versus adult patients.
Various studies in the pediatric population have demonstrated the advantages of PIT over traditional MET in several respects, including less postoperative pain,3-s a lower incidence of delayed hemorrhage,6,7 a lower incidence of readmission for dehydration,6,7less time until resumption of near-normal dietary intake,4,8 and quicker resumption of normal activity,' yet no greater incidence of postoperative tonsillitis.S!" METHODS All research was performed after we obtained approval from the Institutional Review Board at the participating hospital. All surgeries were performed by one of three attending surgeons with the assistance of residents.
A retrospective chart review was conducted for all patients. Patients were defined as teens if their age was 12 to 19 years, or adults if their age was 20 years or greater. The teen and adult patients who underwent primary tonsillectomy over a 6.5-year period from January 2000 to July 2006 were identified via billing codes. To be included in the study, the patients were required to have been at least 12 years of age at the time of tonsillectomy and have undergone either PIT or MET with or without adenoidectomy. Patients were excluded from analysis if they had undergone simultaneous procedures in the upper aerodigestive tract (functional endoscopic sinus surgery, septoplasty, turbinate reduction, or uvulopalatopharyngoplasty) or if they had less than 2 months of follow-up. The hospital electronic med-ical records and office charts of patients who met the inclusion criteria were reviewed, and data were collected for age, sex, indication for tonsillectomy, procedure performed, and any office visit, emergency room visit, hospital admission, or operation performed after the procedure.
The primary outcomes of the study were bleeding that required reoperation (whether primary or secondary hemorrhage), dehydration that prompted an emergency room visit or required readmission, and postoperative tonsillitis. Long-term complications of postoperative pharyngitis or tonsillitis were determined by examining the patient's office chart and emergency room records. Any visit at least 4 weeks after the operation with a primary diagnosis of pharyngitis or tonsillitis was considered to be a recurrence. The primary outcomes were compared in teens versus adults within the PIT and MET groups (ie, teens in PIT group versus adults in PIT group). Additionally, the outcome measures were compared within the PIT and MET groups with regard to indication for operation (chronic tonsillitis, tonsillar hypertrophy and/or obstruction, or both). Although a comparison between the adolescents and adults overall (ie, combining the teens in the PIT and MET groups and comparing them to the combined group of adults) seems logical, this comparison was not performed because of the disparate numbers of teens and adults in each group. With these disparate group sizes in mind, analyzing the differences between complication rates in teens and adults after tonsillectomy is only valid if the comparison is limited to a specific technique so as not to introduce an uncontrolled variable. The Fisher exact test was used to determine the significance of differences in teens and adults between the PIT and MET groups.
RESULTS
A total of 743 patients were identified who met the inclusion criteria. Of these, 164 patients had simultaneous upper aerodigestive tract procedures and were excluded, leaving 579 patients for analysis.Two hundred patients between 12 and 19 years of age (101 PIT and 99 MET) and 379 patients 20 years of age or greater (117 PIT and 262 MET) were identified. All included patients had a minimum of 2 months of follow-up, and the median follow-up was 32 months.
The demographics of the two groups of patients are summarized in Table 1 . Women outnumbered men in the teenage and adult groups (1.56 to I in teens, 2.24 to 1 in adults). There was a significant mean age difference in the teen group between PIT and MET patients (15.48 versus 16.32 years; p = Chronic tonsillitis Tonsillar hypertrophy Both Total patients 0.011), but no significant difference existed in the adult group (29.65 versus 31.1 years; p = 0.14). The indications for surgery were chronic tonsillitis, tonsillar hypertrophy, or both; these are listed for the teen and adult groups, and the subgroups, in Table  1 . In the teenage group, chronic tonsillitis was the indication in 66%, tonsillar hypertrophy in 8%, and both in 26%. In the adult group, chronic tonsillitis was the indication in 77%, tonsillar hypertrophy in 9.5%, and both in 13.5%.
The primary outcomes of this study were bleeding that required reoperation, dehydration that required admission, and postoperative tonsillitis. These results are listed in Table 2 .
Hemorrhage. There were a total of 2 cases of hemorrhage requiring reoperation in the teen PIT group (2 of 101; 2.0%) and 2 in the adult PIT group (2 of 117; 1.7%); this difference was not statistically significant (p = 0.63). In the MET group, the rate of hemorrhage was 3 of 99 (3.0%) among teens and 22 of 262 (8.4%) in adults; this difference almost met statistical significance (p = 0.053), and at least revealed a strong trend in adults for greater rates of hemorrhage. With regard to indication for surgery (chronic infection, hypertrophy, or both), no differences existed between adolescents and adults who underwent the PIT technique. Within the MET group, however, adults who underwent tonsillectomy for chronic infection had greater rates of postoperative hemorrhage than did teens with the same indication (0 of73 [0%] versus 17 of 206 [8.3%]; p =0.004).
Dehydration. No cases of dehydration occurred among teens who underwent PIT (0 of 101; 0%), and 1 case occurred within the adult group (1 of 117; 0.9%); this difference was not statistically significant (p = 0.54). Similarly, no difference existed in postoperative dehydration between teens (4 of99; 4.0%) and adults (11 of 262; 4.2%) in the MET group (p = 0.6). When we analyzed differences in dehydration by indication for surgery, no differences existed be-tween teens and adults in the PIT group. Within the MET group, however, the difference in dehydration between teens (0 of 73; 0%) and adults (8 of 206; 3.9%) with chronic infection neared statistical significance (p = 0.085).
Recurrent Tonsillitis. Recurrent tonsillitis was seen in a total of 6 teens (6 of 101; 5.9%) in the PIT group and in 10 adults (10 of 117; 8.5%) in the PIT group; this difference was not statistically significant (p = 0.31). Similarly, no difference in the incidence of postoperative tonsillitis existed between teens (3 of 99; 3.0%) and adults (7 of 262; 2.7%) in the MET group (p = 0.55). The indications for surgery also did not correlate with the incidence of postoperative tonsillitis among teens or adults in either the PIT group or the MET group.
DISCUSSION
This study is the first in the literature to specifically compare the post-tonsillectomy complication rates in adolescent versus adult patients. Our results demonstrate that teens and adults have similar rates of postoperative dehydration and posttonsillectomy chronic tonsillitis across two techniques. It should be noted, however, that hemorrhage rates in the MET group demonstrated a strong trend toward significantly greater bleeding in adults (p = 0.053). When patients with chronic tonsillitis were analyzed, significantly greater bleeding did occur in adults who underwent the MET technique (p = 0.004). These disparate hemorrhage rates disagree with the large series published by Tomkinson et al,' who postulated that post-tonsillectomy hemorrhage rates rise precipitously in the teenage years and are maintained throughout adulthood. The findings in our study also run counter to those of Myssiorek and Alvi,2 who found that individuals in their younger age group (11 to 20 years of age) had postoperative bleeding at a rate similar to that of those more than 20 years of age (n = 1,138; 5.5% versus 6.3%). In conducting an internal review of our "adult" tonsillectomies, we wished to determine whether the arti-ficial age designation of 12 years or greater was predictive of uniformly distributed complication rates, or whether teens should be considered separately. We conclude that despite being grouped with adults within the billing and coding paradigm, teenage patients have distinct operative risks.
In examining the indications for surgery in both teens and adults (chronic infection, hypertrophy, or both), we found that the only significant differences between teens and adults occurred in adults who underwent the MET technique for chronic infection. Recent findings by Hoddeson and Gourin II also determined a higher bleeding rate among adults who underwent MET for chronic infection. Our presumption is that chronic infection sequentially damages the normal tissue capsule that separates the tonsil from the superior pharyngeal constrictors, as would be the case for adults more than for adolescents because of greater cumulative infections. Thus, teenage tonsils, although sometimes difficult to dissect with the MET technique after many infections, will have a cleaner dissection than adult tonsils, leading to less extracapsular vessel transection and less postoperative hemorrhage than in adults.
Our rates of reoperation for postoperative hemorrhage in the teenage and adult PIT groups are acceptable (2.0% and 1.7%, respectively), but are slightly higher than the reported rates of around 1% in children who undergo PIT.5-7.1O Our rate of reoperation for bleeding in the teens in the MET group (3%) is within the average range in the literature (2% to 4%); however, our adult MET rate (8.4%) is higher than the usual reported rates. Among the various tonsillectomy techniques, some articles report posttonsillectomy bleeding rates as high as 18% to 20%.12 Our higher rate for MET in adults may be secondary to the larger surface area of the tonsillar fossae and larger vessels in adults.P An additional factor is our low threshold to reoperate rather than observe in patients who present to the emergency room with hemorrhage.
Our second primary outcome, postoperative dehydration (emergency room visit or readmission), is a known complication of tonsillectomy and is related to postoperative pain, although our study was not designed to assess pain specifically. In the pediatric literature, PIT has been shown to produce less postoperative pain than MET, but this has not been compared in adults. The final primary outcome was to assess recurrent tonsillitis, which has been a theoretical disadvantage for intracapsular methods. Schmidt et al? found that 49 pediatric patients who underwent PIT had no greater incidence of tonsillitis in comparison to 117 who underwent MET in a follow-up period of almost 2 years (16.3% in 21 months of follow-up versus 14.5% in 24 months of follow-up). Although we did not compare the PIT group to the MET group because of differences in subject numbers, our teen and adult patients had similar rates of recurrent tonsillitis in both the PIT and MET groups. In our teenage patients, our rates were 5.9% in the PIT group and 3.0% in the MET group, with a median of 32 months of follow-up; these rates were less than half of those published by Schmidt et al? for an overall pediatric population. In our series, we found that a small percentage of patients who undergo PIT may require completion tonsillectomy (1.3%).
Once again, although we did not compare techniques head-to-head, we favor what we believe is a decreased risk of postoperative hemorrhage and a decreased risk of re-presenting for dehydration with the PIT technique, despite the potentially increased incidence of recurrent tonsillitis associated with PIT in teens and adults. A lower rate of reoperation for postoperative hemorrhage and a lower rate of readmissions or visits for postoperative dehydration may also signify a cost savings, although this must be factored against an increased rate of completion tonsillectomy for tonsillar regrowth.
The results of our study should be examined with its limitations in mind. Namely, given the disparate sizes of our groups, overall comparisons between all teen patients and all adult patients (ie, combining PIT and MET groups) would result in unsubstantiated conclusions. This same difference in group size prevented us from analyzing potential differences between techniques. This is a retrospective study with several attending surgeons and resident surgeons. Additionally, it has a degree of selection bias that favored PIT for younger patients (23.1 versus 27.1 years of age; p < 0.0002). There were also proportionately more patients with chronic tonsillitis in the MET group (77.3% versus 66.5%), although this trend did not reach statistical significance (p = 0.15). Nonetheless, the large numbers of patients studied and the relatively long median follow-up of 32 months support the study's findings. Thirtytwo months, however, is likely not a long-enough follow-up to accurately appraise the rate of patients who undergo PIT who later require completion tonsillectomy.
CONCLUSIONS
This large, retrospective, single-institution study demonstrates that teenagers likely have lower hemorrhage rates than adults after tonsillectomy when MET is performed. Therefore, this age group should be considered different from the current billing and coding definitions of "adult" tonsillectomy. However, in both the PIT and MET groups, adolescents and adults had similar rates of postoperative dehydration and recurrent tonsillitis. In adults who undergo MET for chronic tonsillitis, the risk of postoperative hemorrhage should be considered significantly greater than that for teens with chronic tonsillitis.
